Quantum particles move in strange ways, even when they propagate freely in space. As a result of the uncertainty principle, it is not possible to control the initial conditions of particle emission in such a way that the particle will definitely pass through two precisely defined positions along its path, even if it is possible to line up the two positions with the emitter. However, there is also an upside to the quantum mechanical laws of motion: constructive quantum interferences can actually raise probabilities to values higher than those permitted by classical causality. Here, it is shown that conventional interferometric methods can be used to prepare photons in a quantum state in which a non-vanishing fraction of particles will hit both of two possible targets, even though the direct lineof-sight connecting the two targets is blocked at the source. The price to pay is that the uncertainty principle prevents a joint measurement of both positions, making it impossible to determine whether an individual particle hits both targets or not. It is nonetheless possible to determine the minimal fraction of "magic bullet" particles that must have hit both targets by showing that the number of particles hitting target A is larger than the number of particles missing target B.
Quantum particles move in strange ways, even when they propagate freely in space. As a result of the uncertainty principle, it is not possible to control the initial conditions of particle emission in such a way that the particle will definitely pass through two precisely defined positions along its path, even if it is possible to line up the two positions with the emitter. However, there is also an upside to the quantum mechanical laws of motion: constructive quantum interferences can actually raise probabilities to values higher than those permitted by classical causality. Here, it is shown that conventional interferometric methods can be used to prepare photons in a quantum state in which a non-vanishing fraction of particles will hit both of two possible targets, even though the direct lineof-sight connecting the two targets is blocked at the source. The price to pay is that the uncertainty principle prevents a joint measurement of both positions, making it impossible to determine whether an individual particle hits both targets or not. It is nonetheless possible to determine the minimal fraction of "magic bullet" particles that must have hit both targets by showing that the number of particles hitting target A is larger than the number of particles missing target B.
The oddity of quantum mechanics rests on the introduction of mysterious "superpositions" of clearly distinct alternatives. With regard to the motion of a quantum particle, this is often represented by a superposition of complete paths, giving the impression that Newtonian laws of motion do not constrain the motion of quantum particles at all [1] [2] [3] . Alternatively, the same physics can be described by the propagation of probability waves, where interference effects result in state-dependent modifications to motion along a straight line [4] [5] [6] [7] [8] [9] [10] [11] . It might come as a surprise that the physical nature of these modifications to Newton's laws is such a controversial issue, but experimental resolutions of these fundamental questions are undermined by the uncertainty principle, which limits the evidence to statistical distributions of outcomes with insufficient information on the path taken by each individual particle. It is therefore an important scientific challenge to identify the experimentally observable evidence for deviations from classical laws of motion in the available statistics obtained from measurements of a large number of particles.
Recent advances in the control and characterization of quantum states have provided us with the means to measure the coherences of quantum states in space in time, as demonstrated in the groundbreaking work of Lundeen and coworkers [12] . A key to these new methods of control is the possibility of quantum superpositions of states that refer to different properties of the particle and therefore do not exclude each other [13, 14] . Optical systems provide an ideal platform for the realization of this extraordinary level of control, since the available techniques of beam shaping and interferometry allow us to control the spatiotemporal quantum states of individual photons with a precision that is difficult to achieve in other systems. In particular, it is possible to combine diffraction and interferometry to realize superpositions of states localized at a given position with states limited to a well-defined velocity in such a way that the statistical control of position and momentum can exceed the limit set by quantitative evaluations of the corresponding uncertainties [15, 16] . This new method of control can thus help us to uncover aspects of the quantum mechanical laws of motion that are usually hidden by the statistical noise associated with these uncertainty limits.
Here, I introduce a particularly striking illustration of this effect, which I refer to as a quantum magic bullet, because it refers to the probability of hitting two different targets when there is no clear line-of-sight connecting both targets with the source of the quantum particles. Although it is not possible to verify the path of a single particle, it can be shown that a certain percentage of the particles must hit both targets, since more than half of the particles hit each of the targets in separate measurements. The effect reported here thus shows that it is possible to use quantum interference to enhance the "aim" of quantum particles beyond the limit that would apply to classical particles, which are limited to hitting at most one of the targets by the very precision of their uncertainty free laws of motion.
The precise physical scenario can be realized in a basic optical setup, where photons propagate along a single axis with an uncertainty limited transverse momentum describing the focus of the beam and its diffraction as it propagates along the axis. Fig. 1 shows the geometry of the setup with the two possible targets A and B shown as apertures in two screens at distances of R and 2R from a third screen S that blocks all lines-of-sight through the apertures A and B. Note that the two targets will never be inserted at the same time, since they will change the state of the photon by a projection on the state | A or | B , rendering sequential measurements meaningless. The targets are only shown jointly to illustrate the blockage of line-of-sight propagation by the screen S. The slit widths of L for the first target A at R and of 2L for the second target B at 2R from the screen at S ensure that the wavefunctions of a beam | A
2R
Only one target inserted at a time focused on target A and the beam | B focused on target B have the same intensity profile at S (see the appendix for the precise wavefunctions). The goal is to maximize the probability of hitting the targets by choosing an appropriate input state | ψ . This can be achieved by a superposition of the state | A hitting target A with a probability of P (A) = 1, and the state | B hitting target B with a probability of P (B) = 1. Each of the states corresponds to a wavefunction with a constant amplitude throughout the extent of the target. The phase of the states is chosen so that constructive interference results in an enhancement of the minimal probability of hitting both targets. As shown in the appendix, the wavefunctions of the quantum state components | A and | B at the different positions along the axis of propagation are fully determined by the requirement that they must be focused on their respective targets. Finally, the line-of-sight can be blocked by removing the state | S representing the interval of width 4L at the source associated with all possible straight lines through both of the targets. It may be important to note that the interferometric subtraction of a beam component is also described by a propagation pattern, corresponding to a destructive interference with a third beam, the profile of which is determined by the focus on the interval covered by the screen at S. In principle, it is therefore possible to realize the state by interfering three different beam profiles. However, it is more simple and much easier to interpret the results if the removal of the | S component of the state is realized by an actual physical obstruction, as suggested in Fig. 1 . The resulting superposition of the three components is given by the single photon quantum state
where the coefficient σ is chosen so that the probability of finding the photons in the line-of-sight interval S is exactly zero. As shown in the appendix, the statistics of the state | ψ are fully determined by the coefficient A | B describing the overlap between the beams focused on target A and on target B, respectively. In turn, this coefficient is determined by the ratio of target size L and target distance R, and the axial momentum p z of the quantum particles,
The location of Planck's constant in the denominator indicates that high values of the overlap correspond to the classical limit of line-of-sight propagation. As a result, we can expect that all photons propagating through both targets, A and B, will be blocked at S for sufficiently large overlap values A | B . On the other hand, some overlap is necessary to overcome the effects of uncertainty which make it difficult to hit both targets in the extreme quantum limit. The maximal probabilities of hitting the targets are obtained between these two limits. 
The precise calculation given in the appendix shows that the maximal probability is obtained at A | B = 0.150, where the probabilities are P (A) = P (B) = 0.537, or 53.7 % of all photons. Even though it is not possible to detect the same photon twice, the fact that each of the targets are hit by more than half of the photons indicates that some of the photons must be hitting both targets. The minimal number of photons that must be hitting both targets can be found by subtracting the number of photons that miss target B from the number of photons that hit target A or vice versa. In terms of probabilities,
This is the minimal fraction of photons that must be hitting both targets even though there is no line-of-sight connecting the source with the two targets. Since this enhancement of accuracy is reminiscent of the properties of "magic bullets" of folklore, the probability P M B can be identified as the fraction of magic bullet photons in the initial state | ψ . Magic bullet photons exist in a regime where constructive quantum interference enhances the probability of hitting the targets more than the destructive interference representing the blocked lines-of-sight at S diminishes it. The maximal fraction of magic bullets is achieved at a specific quantum overlap of A | B = 0.150, where the fraction of magic bullet photons is P M B = 0.074, or 7.4 %. Fig. 3 shows the beam profiles of the optimized quantum state at the source and at the two targets. The probability distribution at S shows the blocked lines-of-sight connecting A and B at the center and the interference pattern that results in the enhancement of target probability outside of the blocked region. At the targets, a central peak of 53.7 % probability is surrounded by a much wider background of 46. In conclusion, it is possible to prepare a beam of quantum particles in such a way that a minimum of 7.4 % of the particles must hit both of two targets, A and B, even though the probability of finding them at a source point S with a clear line-of-sight to both targets is zero. Although it is impossible to detect the actual path taken by a single photon, the statistics taken separately at A and at B are sufficient to reveal the presence of magic bullet photons in the state | ψ . The present scenario thus demonstrates that it is possible to control free space motion of quantum particles to an extent that would not be possible if classical laws of motion were applicable. This is particularly noteworthy since quantum uncertainty usually has the opposite effect of preventing levels of control that would be entirely possible in classical physics. The novel application of quantum interference effects proposed in this paper therefore points the way to a more efficient use of the hidden advantages of quantum coherence.
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Appendix A: States and wavefunctions
As mentioned in the main body of the paper, the targets A and B and the blocked region at the source S are all represented by rectangular wavefunctions in their respective focal planes. The evolution of these wavefunctions along the axis of propagation z is then described by Fresnel diffraction. In the present case, it is possible to describe the results by appropriate sinc functions with a curved wavefront. Specifically, the wavefunctions of the components at the source S are given by
for |x| ≤ 2L, 0 else,
The corresponding wavefunctions at the first target A are given by
and the corresponding wavefunctions at the second target B are given by
For the purpose of calculating the probabilities P (A) and P (B), it is sufficient to know the overlaps between the wavefunctions. When one of the wavefunctions is rectangular, the overlap can be estimated by multiplying the amplitude at x = 0 with the square root of the width of the rectangle. The results read
It is therefore possible to express all of the overlaps in terms of A | B . In particular, the coefficient σ that reduces the probability P (S) of finding the particles in positions with a clear line-of-sight to both targets to zero is given by
).
The interferences of the wavefunctions described by | ψ at an overlap of A | B = 0.1502 are shown in Fig. 3 of the paper.
